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A process for polymerizing l-butene comprising the step of 
contacting under polymerization conditions l-butene and 
optionally from 0 to 20% by mol of an alpha ole?n With a 
catalyst system obtainable by contacting a bridget metal 
locene compound of formula (I) Wherein R1 and R2 are an 
hydrocarbon radical A is a carbon atom, a germanium atom or 
a silicon atom; m is 1, 2; M is a metal of group 4 of the 
Periodic Table of the Elements; X, is hydrogen, a halogen 
atom, or a group R, OR, OSO2CF3, OCOR, SR, NR2 or PR2, 
Wherein the substituents R are hydrocarbon radical; L is a 
moiety of formula (IIa) or (IIb) Wherein T is an oxigen (O) or 
sulphur (S) atom or a CH2 group; and R3 and R4 are hydro 
gen atoms or hydrocarbon radicals; one or more alumoxanes 
or compounds able to form an alkylmetallocene cation; and 
optionally an organo aluminium compound. 
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PROCESS FOR THE POLYMERIZATION OF 
l-BUTENE 

This application is the US. national phase of International 
Application PCT/EP02/06574, ?led Jun. 11, 2002. 
An object of the present invention is a process for polymer 

iZing 1-butene comprising the step of contacting under poly 
meriZation conditions 1-butene and optionally from 0 to 20% 
by mol, preferably from 0 to 10% by mol of ethylene, propy 
lene and/or an alpha ole?n of formula CH2:CHZ Wherein Z 
is a C3-Cl0 alkyl group, in the presence of a catalyst system 
obtainable by contacting: 
a) a racemic or racemic-like bridged metallocene compound 

of formula (I) 

(I) 

Wherein 

R1, same or different, are selected from the group consist 
ing of hydrogen, a linear or branched saturated or unsat 
urated CI-CZO-alkyl, C3-C2O-cycloalkyl, C6-C2O-aryl, 
C7-C2O-alkylaryl, C7-C2O-arylalkyl radical, optionally 
containing heteroatoms belonging to groups 13-17 of 
the Periodic Table of the Elements; preferably R1 is 
hydrogen or a C I-CZO-alkyl radical, more preferably R1 
is hydrogen, methyl or ethyl; 

A, same or different, is a carbon atom, a germanium atom 
or a silicon atom; With the proviso that, When m is 1, A is 
different from a carbon atom; preferably A is a silicon 
atom; 

m is 1 or 2, preferably m is 1; 

R2, same or different, is hydrogen, a linear or branched 
saturated or unsaturated C l-Czo-alkyl, C3-C2O-cy 
cloalkyl, C6-C2O-aryl, C7-C2O-alkylaryl, C7-C2O-aryla 
lkyl radical, optionally containing heteroatoms belong 
ing to groups 13-17 of the Periodic Table of the 
Elements; preferably R2 is hydrogen a C 1 -C2O-alkyl or a 
C6-C2O-aryl; more preferably R2 is hydrogen, methyl or 
phenyl; 

M is a transition metal atom selected from those belonging 
to group 4 of the Periodic Table of the Elements (neW 
IUPAC Version); preferably M is Zirconium or hafnium, 
more preferably M is Zirconium; X, same or different, is 
a hydrogen atom, a halogen atom, or a R, OR, OSO2CF3, 
OCOR, SR, NR2 or PR2 group, Wherein R is a linear or 
branched, saturated or unsaturated C 1 -C20 alkyl, C3 -C20 
cycloalkyl, C6-C2O aryl, C7-C2O alkylaryl or C7-C2O ary 
lalkyl radical, optionally containing heteroatoms 
belonging to groups 13-17 of the Periodic Table of the 
Elements; or tWo X can optionally form a substituted or 
unsubstituted butadienyl radical or a ORUO group 
wherein R11 is a divalent radical selected from Cl-C2O 
alkylidene, C6-C4O arylidene, C7-C4O alkylarylidene and 
C7-C4O arylalkylidene radicals; preferably X is a hydro 

2 
gen atom, a halogen atom or a R group; more preferably 

X is chlorine or a methyl radical; 

L, same or different, is a moiety of formula (Ha) or (llb): 

1% 
(Ila) 

(11b) 

Wherein 

in the moiety of formula (Ha) T bonds to the cyclopenta 
dienyl group in position 5; 

T is an oxygen (0) atom, a sulphur (S) atom or a CH2 
group; preferably T is sulphur; 

R3 and R4, same or different, are hydrogen, linear or 
branched, saturated or unsaturated Cl-Czo-alkyl, 
C3-C2O-cycloalkyl, C6-C2O-aryl, C7-C2O-alkylaryl, 
C7-C2O-arylalkyl radicals, optionally containing het 
eroatoms belonging to groups 13-17 of the Periodic 
Table of the Elements, or in the moiety (llb) R3 and R4 
form together a saturated or unsaturated, condensed 5 or 
6 membered ring optionally containing heteroatoms 
belonging to groups 13-16 of the Periodic Table of the 
Elements; preferably, in the moiety of formula (Ila) R3 is 
hydrogen or methyl; 

25 

30 

35 

preferably in the moiety of formula (llb) R3 and R4 are 
hydrogen or methyl; 

b) an alumoxane or a compound able to form an alkylmetal 
40 locene cation; and 

c) optionally an organo aluminum compound. 

Preferred structures for the (R22A)m bridging group are 
Si(CH3)2, SiPh2, CH2CH2, the Si(CH3)2 being the most pre 

45 ferred. 

Non limitative examples of compound of formula (I) are: 

50 

\S. \S. 
/ 1 Z1012 / 1 ZrClZ 

55 m m 
60 

S 

\S. \S. 
1 ZrClZ 1 ZrClZ 

65 @ g9 
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-continued 

m \Si O \Si 
/ Z1012 / ZrClz 

O / <)/ @ S 

as Well as the corresponding dihydride and dimethyl com 
pounds. 

Preferred compounds of formula (I) are those of formulas 
(III) or (IV): 

(111) 
R3 

id 
% 

(1V) 

1g 71 
4 

Wherein R1, R2, R3, R4, A, M, X and m are de?ned as above. 
Metallocene compounds of formula (I) are Well knoWn in 

the art, they can be prepared according to knoWn procedure, 
such as those described in Us. Pat. No. 5,145,819, EP-A-0 
485 823, WO 98/22486 and WO 01/44318. 
Alumoxanes used as component b) can be obtained by 

reacting Water With an organo-aluminium compound of for 
mula HjAlR63_j or HjAl2R66_]-, Where R6 substituents, same or 
different, are hydrogen atoms, Cl-C2O-alkyl, C3-C2O-cycla 
lkyl, C6-C2O-aryl, C7-C2O-alkylaryl or C7-C2O-arylalkyl, 
optionally containing silicon or germanium atoms With the 
proviso that at least one R6 is different from halogen, and j 
ranges from 0 to 1, being also a non-integer number. In this 
reaction the molar ratio of Al/Water is preferably comprised 
betWeen 1:1 and 100: 1. The molar ratio betWeen aluminium 
and the metal of the metallocene is comprised betWeen about 
10:1 and about 20000: 1, and more preferably betWeen about 
100:1 and about 5000: 1. 

20 

25 

30 

35 

40 
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50 
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The alumoxanes used in the catalyst according to the 

invention are considered to be linear, branched or cyclic com 
pounds containing at least one group of the type: 

R6 R6 
/ 

Al — O _ Al 

Wherein the substituents R6, same or different, are described 
above. 

In particular, alumoxanes of the formula: 

can be used in the case of linear compounds, Wherein n is 0 or 
an integer from 1 to 40 and the substituents R6 are de?ned as 
above, or alumoxanes of the formula: 

R6 

can be used in the case of cyclic compounds, Wherein u is an 
integer from 2 to 40 and the R6 substituents are de?ned as 
above. Examples of alumoxanes suitable for use according to 
the present invention are methylalumoxane (MAO), tetra 
(isobutyl)alumoxane (TIBAO), tetra-(2,4,4-trimethyl-pen 
tyl)alumoxane (TIOAO), tetra-(2,3-dimethylbutyl)alumox 
ane (TDMBAO) and tetra-(2,3,3-trimethylbutyl)alumoxane 
(TTMBAO). Particularly interesting cocatalysts are those 
described in WO 99/21899 and in PCT/EP00/09111 in Which 
the alkyl and aryl groups have speci?c branched patterns. 
Non-limiting examples of aluminium compounds according 
to said international applications are: 

tris(2,3,3-trimethyl-butyl)aluminium, tris(2,3-dimethyl 
hexyl)aluminium, tris(2,3-dimethyl-butyl)aluminium, tris 
(2 ,3 -dimethyl-pentyl)aluminium, tris (2 ,3 -dimethyl-hep - 
tyl)aluminium, tris(2-methyl-3-ethyl-pentyl)aluminium, 
tri s(2-methyl -3 -ethyl -hexyl)aluminium, tri s(2-methyl -3 - 
ethyl-heptyl)aluminium, tris(2-methyl-3-propyl-hexyl) 
aluminium, tris(2-ethyl-3 -methyl-butyl)aluminium, tris(2 
ethyl-3 -methyl-pentyl)aluminium, tri s(2 ,3 -diethyl -p entyl) 
aluminium, tris(2-propyl-3-methyl-butyl)aluminium, tris 
(2-isopropyl-3-methyl-butyl)aluminium, tris(2-isobutyl 
3-methyl-pentyl)aluminium, tris(2,3,3-trimethyl-pentyl) 
aluminium, tris(2,3,3-trimethyl-hexyl)aluminium, tris(2 
ethyl-3,3-dimethyl-butyl)aluminium, tris(2-ethyl-3,3 
dimethyl-pentyl)aluminium, tris(2-isopropyl-3,3 
dimethyl-butyl)aluminium, tris(2-trimethylsilyl-propyl) 
aluminium, tris(2-methyl-3-phenyl-butyl)aluminium, tris 
(2 -ethyl -3 -phenyl -butyl)aluminium, tris (2, 3 -dimethyl -3 - 
phenyl-butyl)aluminium, tris(2-phenyl-propyl) 
aluminium, tris [2-(4-?uoro-phenyl)-propyl] aluminium, 
tris[2-(4-chloro-phenyl)-propyl]aluminium, tris[2-(3-iso 
propyl-phenyl)-propyl]aluminium, tris(2-phenyl-butyl) 
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aluminium, tris(3-methyl-2-phenyl-butyl)aluminium, tris 
(2-phenyl-pentyl)aluminium, tris[2-(penta?uorophenyl) 
propyl]aluminium, tris[2,2-diphenyl-ethyl]aluminium and 
tris[2-phenyl-2-methyl-propyl]aluminium, as Well as the 
corresponding compounds wherein one of the hydrocarbyl 
groups is replaced With a hydrogen atom, and those 
Wherein one or tWo of the hydrocarbyl groups are replaced 
With an isobutyl group. 
Amongst the above aluminium compounds, trimethylalu 

minium (TMA), triisobutylaluminium (TIBAL), tris(2,4,4 
trimethyl-pentyl)aluminium (TIOA), tris(2,3-dimethylbutyl) 
aluminium (TDMBA) and tris(2,3,3-trimethylbutyl) 
aluminium (TTMBA) are preferred. 

Non-limiting examples of compounds able to form an alky 
lmetallocene cation are compounds of formula D+E_, 
Wherein D+ is a Bronsted acid, able to donate a proton and to 
react irreversibly With a substituent X of the metallocene of 
formula (I) and E“ is a compatible anion, Which is able to 
stabilize the active catalytic species originating from the reac 
tion of the tWo compounds, and Which is suf?ciently labile to 
be able to be removed by an ole?nic monomer. Preferably, the 
anion E“ comprises of one or more boron atoms. More pref 
erably, the anion E- is an anion of the formula BAr4(_), 
Wherein the sub stituents Ar Which can be identical or different 
are aryl radicals such as phenyl, penta?uorophenyl or bis 
(tri?uoromethyl)phenyl. Tetrakis-penta?uorophenyl borate 
is particularly preferred examples of these compounds are 
described in WO 91/02012. Moreover, compounds of the 
formula BAr3 can conveniently be used. Compounds of this 
type are described, for example, in the published lntema 
tional patent application WO 92/00333. Other examples of 
compounds able to form an alkylmetallocene cation are com 
pounds of formula BAR3P Wherein P is a substituted or 
unsubstituted pyrrol radicals. These compounds are 
described in WO 01/62764. all these compounds containing 
boron atoms can be used in a molar ratio betWeen boron and 
the metal of the metallocene comprised betWeen about 1:1 
and about 10: 1 ; preferably 1: 1 and 2.1 ; more preferably about 
1:1. 
Non limiting examples of compounds of formula D+E_ are: 

Triethylammoniumtetra(phenyl)borate, 
Tributylammoniumtetra(phenyl)borate, 
Trimethylammoniumtetra(tolyl)borate, 
Tributylammoniumtetra(tolyl)borate, 
Tributylammoniumtetra(penta?uorophenyl)borate, 
Tributylammomiumtetra(penta?uorophenyl)aluminate, 
Tripropylammoniumtetra(dimethylphenyl)borate, 
Tributylammoniumtetra(tri?uoromethylphenyl)borate, 
Tributylammoniumtetra(4-?uorophenyl)borate, 
N,N-Dimethylaniliniumtetra(phenyl)borate, 
N,N-Diethylaniliniumtetra(phenyl)borate, 
N,N-Dimethylaniliniumtetrakis(penta?uorophenyl)boratee, 
N,N-Dimethylaniliumtetrakis(penta?uorophenyl)aluminate, 
Di(propyl)ammoniumtetrakis(penta?uorophenyl)borate, 
Di(cyclohexyl)ammoniumtetrakis(penta?uorophenyl)bo 

rate, 
Triphenylphosphoniumtetrakis(phenyl)borate, 
Triethylphosphoniumtetrakis(phenyl)borate, 
Diphenylphosphoniumtetrakis(phenyl)borate, 
Tri(methylphenyl)phosphoniumtetrakis(phenyl)borate, 
Tri(dimethylphenyl)phosphoniumtetrakis(phenyl)borate, 
Triphenylcarbeniumtetrakis(penta?uorophenyl)borate, 
Triphenylcarbeniumtetrakis(penta?uorophenyl)aluminate, 
Triphenylcarbeniumtetrakis(phenyl)aluminate, 
Ferroceniumtetrakis(penta?uorophenyl)borate, 
Ferroceniumtetrakis(penta?uorophenyl)aluminate. 
Triphenylcarbeniumtetrakis(penta?uorophenyl)borate, 
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6 
N,N-Dimethylaniliniumtetrakis(penta?uorophenyl)borate. 

Further compounds that can be used are those of formula 
RM'-O-M'R, R being an alkyl or aryl group, and M' is selected 
from an element of the Group 13 of the Periodic Table of the 
Elements (neW IUPAC version). Compounds of this type are 
described, for example, in the International patent application 
WO 99/40129. Organic aluminum compounds used as com 
pound c) are those of formula HjAlR63_j or HjAl2R66_j 
described above. The polymerization process of the present 
invention can be carried out in liquid phase, optionally in the 
presence of an inert hydrocarbon solvent, or in gas phase. 
Said hydrocarbon solvent can be either aromatic (such as 
toluene) or aliphatic (such as propane, hexane, heptane, 
isobutane, cyclohexane and 2,2,4-trimethylpentane). Prefer 
ably the polymerization is carried out in liquid monomer. The 
polymerization temperature preferably ranges from 0° C. to 
250° C.; preferably comprised betWeen 20° C. and 1500 C. 
and, more particularly betWeen 40° C. and 90° C.; Generally, 
the polymers of the present invention are endoWed With a 
narroW molecular Weight distribution. The molecular Weight 
distribution is represented by the ratio MW/Mn Which, for the 
polymers of the present invention, When the metallocene used 
is a pure isomer, is generally loWer than 3, preferably loWer 
than 2.5. The molecular Weight distribution can be varied by 
using mixtures of different metallocene compounds or mix 
tures of the metallocene compound of formula (I) and a Zie 
gler-Natta catalyst or by carrying out the polymerization in 
several stages at different polymerization on temperatures 
and/or different concentrations of the molecular Weight regu 
lators and/ or different monomer concentration The polymer 
ization yield depends on the purity of the transition metal 
organometallic catalyst compound a) in the catalyst, there 
fore, said compound can be used as such or can be subjected 
to puri?cation treatments before use. With the process of the 
present invention 1-butene can be polymerized With high 
yields and the isotactic polymers obtained shoW a high 
molecular Weight and a loW content of regioerrors, ie 4,1 
insertions. Therefore another object of the preset invention is 
a 1-butene homopolymer having the folloWing characteris 
tics: 
intrinsic viscosity (I.V.)>1 dL/g; preferably>1.1 dL/g 
molecular Weight distribution (MW)<3; preferably <2.5; 
isotactic triads (mm)>syndiotactic triads (rr); preferably iso 

tactic triads (mm)>97%; more preferably >98%; and 
4,1 insertions <0.35%; preferably <0.3%; more preferably 

<0.25%. 
Preferably the 1-butene homopolymer shoWs the presence 

of 4,1 insertions ie 4,1 insertions are >0; more preferably the 
4,1 insertions are >0.05%; even more preferably >0.1%. With 
the process of the present invention it is possible to obtain a 
plastomeric 1-butene homopolymer. Thus further object of 
the present invention is a 1-butene homopolymer having the 
folloWing characteristics: 
intrinsic viscosity (I.V.)>1 dL/g; preferably >1.1 dL/g; 
?exural modulus (ASTM D 638)<200 MPa; preferably <190 
MPa; 

4,1 insertions <0.35%; preferably <0.30%; more preferably 
<0.25%. 
Preferably the 1-butene homopolymer shoWs the presence 

of 4,1 insertions ie 4,1 insertions are >0; more preferably the 
4,1 insertions are >0.01%. 

Said plastomeric 1-butene homopolymer is further 
endoWed With a yield strength (ASTM D 638) >8 MPa; pref 
erably comprised betWeen 8 MPa and 15 MPa. 

Said plastomeric 1-butene homopolymer is further 
endoWed With a break strength (ASTM D 638) >20 MPa; 
preferably comprised betWeen 20 MPa and 35 MPa. 
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Said plastomeric 1-butene homopolymer is further 
endowed With elongation at break (ASTM D 638) >390%; 
preferably >400%. 
When 1-butene is copolymeriZed With ethylene, propylene 

or an alpha ole?n of formula CH2:CHZ Wherein Z is a 
C3-C1O alkyl group a copolymer having a comonomer derived 
unit content from 0.01 to 50% by Weight can be obtained. 
preferably from 0.5 to 20% by Weight. Preferred comonomers 
are ethylene or propylene. 

The following examples are given to illustrate and not to 
limit the invention. 

Experimental Section 
The intrinsic viscosity (I .V.) Was measured in tetrahy 

dronaphtalene (a) at 135°. 
The melting points of the polymers (Tm) Were measured by 

Differential Scanning Calorimetry (D.S.C.) on a Perkin 
Elmer DSC-7 instrument, according to the standard method. 
A Weighted sample (5-10 mg) obtained from the polymeriza 
tion Was sealed into aluminum pans and heated at 180° C. 
With a scanning speed corresponding to 10° C./minute. The 
sample Was kept at 180° C. for 5 minutes to alloW a complete 
melting of all the crystallites. Successively, after cooling to 
20° C. With a scanning speed corresponding to 10° C./minute. 
After standing 2 minutes at 20° C., the sample Was heated for 
the second time at 180° C. With a scanning speed correspond 
ing to 10° C./min. In this second heating run, the peak tem 
perature Was taken as the melting temperature (Tm) and the 
area as global melting enthalpy (AHf). 

The molecular Weight distribution Was determined on a 
WATERS 150 C using the folloWing chromatographic con 
ditions: 

Columns: 3X SHODEX AT 806 MS; IX SHODEX UT 807; 
1x SHODEX AT-G; 

Solvent: 1,2,4 trichlorobenzene (+0.025% 2,6-Di-tert.Butyl 
4-Methyl-Phenol); 

FloW rate: 0.6-1 ml/min; 
Temperature: 135 ° C.; 
Detector: INFRARED AT 7» a 3.5 pm; 
Calibration: Universal Calibration With PS-Standards. 

13 C-NMR spectra Were acquired on a DPX-400 spectrom 
eter operating at 100.61 MHZ in the Fourier transform mode 
at 120° C. The peak of the 2B2 carbon (nomenclature accord 
ing to Carman, C. 1.; Harrington, R. A.; Wilkes, C. E. Mac 
romolecules 1977, 10, 535) Was used as internal reference at 
27.73. The samples Were dissolved in 1,1,2,2-tetrachloroet 
hane-d2 at 120° C. With a 8% Wt/v concentration. Each spec 
trum Was acquired With a 90° pulse, 15 seconds of delay 
betWeen pulses and CPD (WaltZ16) to remove 1H-13C cou 
pling. About 3000 transients Were stored in 32K data points 
using a spectral WindoW of 6000 HZ. Assignments of 4,1 
insertion Were made according to Busico (V. Busico, R. 
Cipullo, A. Borriello, Macromol. Rapid. Commun. 1995, 16, 
269-274) 

Chemical Shift 
(ppm) Carbon Sequence 

40.21 CH2 (Sm) B 
39.65 CH2 D1 
37.3 CH D2 
34.99 CH B 
34.31 CH2 D3 
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-continued 

Chemical Shift 
(ppm) Carbon Sequence 

31.13 CH2 D5 
27.73 CH2 B mmmm 

branch 
27.57 CH2 B mmmr 

branch 
27.37 CH2 B mmrr 

branch 
27.21-27.14 CH2 D4 + D6 

26.57 CH2 B mrrm 
branch 

10.96 CH3 B 

The content of 4,1 insertions Was calculated as folloWs: 4,1 

units:0.5><I4><100/(I2+I4) 

4,1-sequence (D) 

Preparation of Catalyst Components 
rac dimethylsilylbis(2-methyl-indenyl)Zirconium dichlo 

ride (A-1)Was prepared according to US. Pat. No. 5,145,819. 
rac dimethylsilylbis(2-methyl-4-phenyl-indenyl)zirconium 
dichloride (A-2) Was prepared according to US. Pat. No. 
5,786,432. rac dimethylsilylbis(2-methyl-4, 5 benZo-inde 
nyl)Zirconium dichloride (A-3) Was prepared according to 
US. Pat. No. 5,830,821. rac dimethylsilylbis(indenyl)Zirco 
nium dichloride (A-4) Was prepared according to US. Pat. 
No. 5,616,747. Dimethylsilylbis bis(2-methyl-cyclopento [2, 
3-b]thiophen-6-yl)Zirconium dichloride [A5] 

/ 

S 

MeZSI ZrClZ 

S 
/ 

Was prepared according to WO 98/ 22486. 
The cocatalyst methylalumoxane (MAO) Was a commer 

cial product Which Was used as received (Witco AG, 10% 
Wt/vol toluene solution, 1.7 M in A1). 

EXAMPLE 1 AND COMPARATIVE EXAMPLES 
2-3 

1-butene homopolymer 

The catalyst mixture Was prepared by dissolving the 
amount of the metallocene indicated in table 1 in 8 ml of 
toluene With the proper amount of the MAO solution 
(amounts are reported in table 1), obtaining a solution Which 
Was stirred for 10 min at room temperature before being 
injected into the autoclave. 4 mmol of A1 (i-Bu)3 (TIBA) (as a 
1 M solution in hexane) and 712 g of 1-butene Were charged, 
at room temperature, in a 2.3-L jacketed stainless-steel auto 
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clave, equipped With magnetically driven stirrer and a 35-mL 
stainless-steel vial, connected to a thermostat for temperature 
control. The autoclave Was then therrnostatted at 58° C. and 
the catalyst system, prepared as reported above, Was injected 
in the autoclave by means of nitrogen pressure through the 
stainless-steel vial. The temperature Was rapidly raised to 60° 
C. and the polymerization Was carried out at constant tem 
perature, for the time indicated in table 1. After cooling the 
reactor to room temperature, the polymer Was dried under 
reduced pressure, at 60° C. The polymerization conditions 
and the characterization data of the obtained polymers are 
reported in Table 1. 

COMPARATIVE EXAMPLE 4 

1-butene homopolymer 

The catalyst system Was prepared by dissolving 2.2 mg of 
metallocene A-4 in 22 ml of toluene and then adding 9.42 
mmol of MAO (Al/ZF1930). The obtained solution Was 
stirred for 10 minutes at room temperature, before being 
injected into the autoclave. 4 mmol of Al(i-Bu)3 (TIBA) (as a 
1 M solution in hexane) and 560 g of 1 -butene Were charged, 
at room temperature, in a 2.3-L jacketed stainless-steel auto 
clave, equipped With magnetically driven stirrer and a 35-mL 
stainless-steel vial, connected to a thermostat for temperature 
control. The autoclave Was then therrnostatted at 48° C. and 
the catalyst system, prepared as reported above, Was injected 
in the autoclave by means of nitrogen pressure through the 
stainless-steel vial. The temperature Was rapidly raised to 50° 
C. and the polymerization Was carried out at constant tem 
perature, for 60 minutes. After cooling the reactor to room 
temperature, the polymer Was dried under reduced pressure, 
at 60° C. The polymerization conditions and the character 
ization data of the obtained polymers are reported in Table 1. 

EXAMPLES 5-9 

1-butene homopolymer 

The catalyst mixture Was prepared by dissolving the 
amount of the metallocene indicated in table 2 in toluene With 
the proper amount of the MAO solution (amounts are 
reported in table 2 Al/Zr:1000), obtaining a solution Which 
Was stirred for 10 min at room temperature before being 
injected into the autoclave. 
A 4.25 litres steel autoclave, equipped With magnetically 

stirred anchor (usual stirring rate 550 rpm) and With different 
FloW Record & Control systems (FRC), among Which a FRC 
having maximum ?oW rate of 9000 gr/hour for 1-butene and 
tWo FRC having maximum ?oW rate of 500 and 30 g/h for 
ethylene is cleaned With Warm nitrogen (1.5 barg N2, 70° C., 
1 hour). After the above mentioned autoclave cleaning, the 
stirring starts and 1-butene is fed into the reactor (1350 gr at 
30° C.) together With 6 mmol of Al(i-Bu)3 (TIBA) (as a 1 M 
solution in hexane). Subsequently, the reactor inner tempera 
ture is raised from 30° C. to the polymerisation temperature 
(indicated in table 2); as a consequence the pressure 
increases. When pressure and temperature are constant, the 
catalytic solution is fed into the reactor With a nitrogen over 
pressure. The polymerisation is run for a time indicated in 
table 2 at the chosen polymerization temperature. Then the 
stirring is interrupted; the pressure into the autoclave is raised 
to 20 bar-g With nitrogen. The bottom discharge valve is 
opened and the 1 -butene/poly-1 -butene mixture is discharged 
into the steel heated tank containing Water at 70° C. The tank 
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10 
heating is sWitched off and a ?ux of 0.5 bar-g nitrogen is fed. 
After 1 hour cooling at room temperature the steel tank is 
opened and the Wet polymer collected. The Wet polymer is 
dried in a oven under nitrogen at 70° C. The polymerization 
conditions and the characterization data of the obtained poly 
mers are reported in Table 2. The polymer obtained in 
example 8 Was further analyzed by NMR according to the 
procedure described above. The sample shoWs the presence 
of 4,1 insertions. 

Characterization of Homopolymer 
Samples of polymer obtained from examples 8 and 9 Were 

ground in an electric mill With liquid nitrogen in order to 
achieve the right size to feed them in a Brabender® mixer 
chamber. The ground samples Were mixed in a Brabender® 
chamber With 1% 2,6- di-t-butyl-4-methyl phenol (BHT) at 
200° C. and then transformed in 1.9 and 4.0 mm thick plaques 
through compression molding at 200° C. The 1.9 mm thick 
plaques Were submitted to tensile test (according to ASTM D 
638 method), While the 4.0 mm thick plaques Were submitted 
to the ?exural modulus determination according to ISO 178 
method. The results are reported in table 2a. 

EXAMPLES 10- 13 

1 -butene/ ethylene copolymer 

The catalyst mixture Was prepared by dissolving the 
amount of the metallocene indicated in table 2 in toluene With 
the proper amount of the MAO solution (amounts are 
reported in table 3 Al/Zr:500 excepting for example 10 When 
Al/Zr is 1000), obtaining a solution Which Was stirred for 10 
min at room temperature before being injected into the auto 
clave. A 4.25 litres steel autoclave, equipped With magneti 
cally stirred anchor (usual stirring rate 550 rpm) and With 
different FloW Record & Control systems (FRC), among 
Which a FRC having maximum ?oW rate of 9000 gr/hour for 
1-butene and tWo FRC having maximum ?oW rate of 500 and 
30 g/h for ethylene is cleaned With Warm nitrogen (1.5 barg 
N2, 70° C., 1 hour). After the above mentioned autoclave 
cleaning, the stirring starts, 1-butene is fed into the reactor 
(1350 gr at 30° C. excepting for example 10 Wherein 1368 g 
of 1-butene are used) With the amount of ethylene reported in 
table 3, together With 6 mmol of Al(i-Bu)3 (TIBA) (as a 1 M 
solution in hexane). Subsequently, the reactor inner tempera 
ture is raised from 30° C. to the polymerisation temperature 
(indicated in table 3); as a consequence the pressure 
increases. When pressure and temperature are constant, the 
catalytic solution is fed into the reactor With a nitrogen over 
pressure and the polymerisation pressure is kept constant 
feeding only ethylene (amount indicated in table 3). The 
polymerisation is run for a time indicated in table 3 at the 
chosen polymerization temperature. Then the stirring is inter 
rupted; the pressure into the autoclave is raised to 20 bar-g 
With nitrogen. The bottom discharge valve is opened and the 
1-butene/poly-1-butene mixture is discharged into the steel 
heated tank containing Water at 70° C. The tank heating is 
sWitched off and a ?ux of 0.5 bar-g nitrogen is fed. After 1 
hour cooling at room temperature the steel tank is opened and 
the Wet polymer collected. The Wet polymer is dried in a oven 
under nitrogen at 70° C. The polymerization conditions and 
the characterization data of the obtained polymers are 
reported in Table 3 
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TABLE 1 

mmol yield Activity kg/ Triads regioerrors % Tm(II) AH,» 
EX met. mg Al Al/Zr t(min) (g) (gem * h) I.V. mm % (4,1 insertions) ° C. J/g MW/Mn 

1 A-1 4 8.39 1000 15 64.7 129.4 1.2 98.5 0.2 100 32.1 2.16 
2* A-2 4 6.36 1000 60 39.5 9.9 0.9 =100 0.4 n.a. 33 n.a. 
3* A-3 4 6.36 1000 60 17.5 4.4 1.1 99.2. 1 n.a. n.a. 2.7 
4* A-4 2.2 9.42 1930 60 161 73.2 0.2 n.a. n.a. 97 45 n.a. 

*comparative 
n.a. = not available 

TABLE 2 

mmol Tpol yield Activity kg/ Tm(II) AH,» 
EX met. mg Al O C. t (min) (g) (gem * h) I.V. ° C. J/g MW/Mn 

5 A-1 3.9 8.28 50 120 150 19.2 2.23 104 27.8 2.19 
6 A-1 2 4.20 75 60 45 22.5 1.13 93 28.9 2.23 
7 A-1 2 4.20 85 60 187 93.5 1.28 97 28.3 2.27 
8 A-5 2 4.08 50 60 185 92.5 2.15 90 19.6 2.15 
9 A-5 2 4.08 70 60 320 160 1 04 85 15.1 2.34 

TABLE 2a 
25 

Flexural Yield Break Elongat. at 
modulus strength strength break 

EX (MPa) (MPa) (MPa) (%) 

8 160 10.2. 30.6 420 
9 187 9.1 24.1 480 30 

TABLE 3 

mmol Tpol yield Activity kg/ C2 Wt % 
EX met. mg Al O C. t(min) C2 added g C2 feed G (g) (gm * h) I.V. (IR) MW/Mn 

10 A-1 1 2.12 70 60 32 0 52.7 52.7 1.13 28.90 2.17 
11 A-1 2 2.12 70 70 1 5.1 225 96.4 1.46 2.30 2.23 
12 A-1 2 2.12 70 70 4 11.6 157 67.3 1.45 4.20 2.16 
13 A-1 2 2.12 70 70 10 19.6 224 96.0 1.18 7.30 2.14 

C2 added = ethylene added in the reactor With 1-butene 
C2 feed = ethylene feed during the polymerization 

The invention claimed is: 45 wherein 
1. A process for polymerizing 1 -butene carrier out in liquid 

monomer, wherein the liquid monomer comprises liquid 
l-butene, the process comprising the step of contacting, 
under polymerization conditions, l-butene and optionally 
from 0 to 20% by mol of ethylene, propylene and/or an alpha 
ole?ns of formula CH2:CHZ Wherein Z is a C3-Cl0 alkyl 
group, With a catalyst system obtained by contacting: 

a) a racemic or racemic-like bridged metallocene com 
pound of formula (I) (I) 

50 

55 

60 

65 

R1, same or different, is hydrogen, a linear or branched, 
saturated or unsaturated C l-Czo-alkyl, C3 -C2O-cy 
cloalkyl, C6-C2O-aryl, C7-C2O-alkylaryl, or C7-C2O 
arylalkyl radical, optionally containing heteroatoms 
belonging to groups 13-17 of the Periodic Table of the 

Elements; 
A, same or different, is a carbon atom, a germanium atom 

or a silicon atom; With the proviso that When m is 1, A is 

not a carbon atom; 

m is 1 or 2; 

R2, same or different, is hydrogen, a linear or branched 

saturated or unsaturated C l-C2O-alkyl, C3 -C2O-cy 
cloalkyl, C6-C2O-aryl, C7-C2O-alkylaryl, or C7-C2O 
arylalkyl radical, optionally containing heteroatoms 
belonging to groups 13-17 of the Periodic Table of the 

Elements; 
M is a transition metal atom selected from those belong 

ing to group 4 of the Periodic Table of the Elements; 
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X, same or different, is a hydrogen atom, a halogen atom, 
or a R, OR, OSO2CF3, OCOR, SR, NR2 or PR2 group, 
Wherein R is a linear or branched, saturated or unsatur 

ated Cl-C2O alkyl, C3-C2O cycloalkyl, C6-C2O aryl, 
C7-C2O alkylaryl or C7-C2O arylalkyl radical, optionally 
containing heteroatoms belonging to groups 13-17 of 

L, same or different, is a moiety of formula (Ha) 

(Ha) 
T 

R3 4<\ 
Wherein 
in the moiety of formula (IIa), T bonds to the cyclopen 

tadienyl group in position 5; 
T is an oxygen (0) atom, a sulphur (S) atom, or a CH2 

group; 
R3 is hydrogen, linear or branched, saturated or unsat 

urated Cl-C2O-alkyl, C3-C2O-cycloalkyl, C6-C2O-aryl, 
C7-C2O-alkylaryl, or C7-C2O-arylalkyl radicals, 
optionally containing heteroatoms belonging to 
groups 13-17 of the Periodic Table of the Elements; 

b) an alumoxane or a compound of formula D+E_, Wherein 
D+ is a Bronsted acid that donates a proton and to react 
irreversibly With a substituent X of the metallocene of 
formula (I) and E“ is a compatible anion Which stabiliZes 
the active catalytic species originating from the reaction 
of the tWo compounds, and Which is suf?ciently labile to 
be removed by an ole?nic monomer; and 

14 
c) optionally an organo aluminum compound, Wherein the 

process produces a polymer comprising more isotactic 
triads (mm) than syndiotactic triads (rr) and having an 
intrinsic viscosity higher than 1.0 dL/ g. 

5 2. The process according to claim 1 Wherein in the bridged 
metallocene compound of formula (I), 

R1 is selected from the group consisting of hydrogen and 
C l-Czo-alkyl radical; R2 is selected from hydrogen, 
Cl-Czo-alkyl or C6-C2O-aryl; m is 1;A is a silicon atom; 
M M is Zirconium or hafnium; X is a hydrogen atom, a 
halogen atom or R group. 

3. The process according to claim 2 Wherein the bridge 
(R22A)m is selected from Si(CH3)2, or SiPh2. 

4. The process according to claim 1 Wherein in the moiety 
15 of formula (IIa), R3 is hydrogen or methyl. 

5. The process according to claim 1 Wherein the bridged 
metallocene compound has formula (IV): 

10 

20 (1v) 

R1—cH2 \ R3. 
s 

(R22A)m 25 MX2 

R3 / (/CH2_ R1 
s 

30 


